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PREFACE
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EXECUTIVE SUMMARY

In 1980, the Urban Mass Transportation Administration
(UMTA) awarded grants to the Tri-County Metropolitan
Transportation District (TRI-MET) to implement self-service fare
collection (SSFC) on its bus system. TRI-MET is the transit
authority serving Portland, Oregon.

UMTA's objective in awarding the grant was to determine
whether SSFC, which is used in Europe, could be successful in
the United States. TRI-MET became the second authority in the
United States to use SSFC and the first to use it on buses.

SSFC DESCRIPTION

Under SSFC, the passenger 1is responsible for paying the
fare and for possessing proof of payment. The passenger
determines and pays the fare, typically using automatic ticket
validating or vending machines. The validated ticket or receipt
is proof of payment. On rail systems, entry is unimpeded by
turnstiles or station personnel; on bus or streetcar systems,
entry and exit is through any door.

Special fare inspectors roam the system to check for fare
evasion and to issue a fine or warning to any passenger whose
proof of payment indicates improper fare payment. Such fare
enforcement, in which only a portion of system patrons are
checked, is an important element in SSFC.

LOCAL OBJECTIVES
Among TRI-MET's numerous objectives for SSFC were:

. Ensure the productive use of transit vehicles. At
the time of the grant application, TRI-MET planned
to build a 1light rail 1line and to purchase 125
articulated buses. TRI-MET expected that SSFC would
reduce passenger boarding and alighting time on
these high capacity vehicles.

. Improve the equity of the fare structure. Before
SSFC, when TRI-MET had a 3-zone system, persons
attending public hearings had voiced concern about
high base fares Dbeing needed to subsidize
long~-distance trips. TRI-MET Dbelieved that
conventional fare collection could not accommodate
additional zones in Portland because zone fares were
difficult for bus operators to enforce. Before
SSFC, zone fare evasion accounted for 51 percent of
evasions. With SSFC, TRI-MET instituted a 5-zone
system which allowed better distance-based pricing.
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Reduce fare evasion, particularly zone-fare
avoidance and pass forging. TRI-MET found that
zone-fare avoidance and pass forging were difficult
for drivers to control and hoped that SSFC would
reduce these fare evasions.

SSFC IN PORTLAND

In Portland, passengers had a choice of four forms of
payment: passes, ten-ride tickets, 24-hour tickets, or cash.
Passengers using passes had all-door entry on all buses.
Passengers using tickets boarded through the front doors of
standard buses and through all three doors of articulated
buses. Passengers paying cash boarded through the front doors.

TRI-MET used on-board SSFC equipment with three
components: dispensers, validators, and controllers.
Passengers paying cash deposited their fares in the fare box,
then drivers activated the dispensers to issue cash receipts.
Passengers with tickets inserted their tickets in the validators
which cut off a corner of the ticket and printed fare data on
it. Controllers, which contained the electronic gear which
operated the validators and dispensers, were used to set the
time, fare zone, and route information that was printed on
tickets and cash receipts.

TRI-MET deployed fare inspectors to board buses and inspect

for valid proof of payment. A passenger without a valid proof
of payment was either warned or given a fare surcharge of $20.

SSFC EQUIPMENT PERFORMANCE

The SSFC equipment, as designed, proved unreliable.
Performance was way below levels specified in TRI-MET's
procurement contract. The vendor and TRI-MET made several
modifications to the SSFC equipment. These modifications failed
to improve performance appreciably. The reason for the poor
reliability was that the equipment went through extensive
modifications to operate on U.S. buses and to meet TRI-MET's
needs.

MARKETING AND TRAINING

TRI-MET implemented SSFC and a new zone systen, new
crosstown service, and a base fare increase, all at the same
time. SSFC implementation was handled in this way to maximize
marketing dollars spent, to minimize confusing the public, and
to limit the number of training programs needed for the public
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and employees. TRI-MET and its marketing agency therefore
developed a comprehensive marketing and training program that
covered all the service changes. The manager of public
information and marketing for SSFC directed the program.

TRI-MET conducted the marketing and training program in
three phases:

program development and employee training;
. public education; and
final marketing effort.

TRI-MET was successful in alerting most people to the
service changes. Ninety percent of riders and 76 percent of

non-riders said they were aware of TRI-MET service changes. The
large percentage of non-riders who were aware of TRI-MET is
impressive, considering their non-use of the service. TRI-MET

was successful not only in creating a general awareness of
service changes, "'but also in relaying specific information.
This information was needed to teach people how to use SSFC.

LEGAL ISSUES

Initially, TRI-MET considered modeling its fare evasion
ordinances after traffic ordinances that allow for citations for
violators. TRI-MET decided against this approach for two
reasons:

o Oregon law allowed only sworn police officers to
issue citations, and TRI-MET wanted the fare
inspectors to be customer-service personnel, not
transit police.

o County prosecutors and court administrators
discouraged TRI-MET from issuing citations because
the court docket was already overloaded.

Instead, TRI-MET levied a "surcharge fare" to fare evaders.
The surcharge fare, which was not a fine, was a category of a
regular TRI-MET fare. Fare evaders who did not pay the
surcharge after several billings were taken to small claims
court.

TRI-MET eventually amended its original ordinance to allow
citation issuance. TRI-MET experienced problems with passengers
who (1) ‘evaded fares repeatedly, (2) provided false names and
addresses, and (3) left the bus during inspections. The original




fare evasion ordinance could not effectively deter these tactics
because the only actions permitted were issuing surcharge fares
and suing fare evaders in small claims court. TRI-MET amended
the ordinance after reaching an agreement with the district
court for prosecuting fare evaders.

The amended ordinance allowed TRI-MET police to issue
citations to offenders and allowed TRI-MET to conduct civil
prosecutions of fare evaders and passengers who provided false
identification.

ENFORCEMENT

Inspectors usually worked in groups of two. One inspector
boarded the bus through the front door, and the other boarded
through the back door. They then announced the inspection. A
passenger without a valid proof of payment was asked for
identification. Inspectors suspecting that the passenger
provided false identification or was . a repeat offender called
for a passenger check, using two-way radios. Operators were

stationed at computer terminals with on-line access to the
surcharge data base. Inspectors explained TRI-MET's fare policy
to all passengers without proof of payment.

Inspectors apprehending repeat offenders with four or more
outstanding surcharges called TRI-MET police who issued
citations. Repeat offenders found with two outstanding
citations were arrested. From November 1983 through May 1985,
TRI-MET police arrested approximately ten repeat offenders.

INSPECTION EXPERIENCE

TRI-MET's inspection rate averaged 2.9 percent, and
inspections per person-hour averaged 20 passengers. TRI-MET's
inspection rate was higher than European rates of 2 percent but
half the targeted 6 percent. Inspections per person-hour also
were less than the projected 36 passengers a person-hour. The

reasons for the 1lower inspection rate and inspections per
person-hour were inspections in outlying areas with few buses
and low ridership, inspections during off-peak hours and
passenger identification checks. Passenger identification
checks could take up to a half hour.

The percentage of riders receiving notices and warnings
averaged 3.7 and .7 percent, respectively. The number or riders
receiving notices averaged 928 a week and those receiving
warnings averaged 174 a week.
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SURCHARGE COLLECTION

After receiving a notice, the passenger could pay the
surcharge fare immediately or mail the surcharge fare to TRI-MET
within 20 days. After 20 days, late fees accrued until a total
of seven notices are sent and a surcharge of $60 was reached, at
which point the account was referred to a collection agency.
The collection agency with TRI-MET's approval referred
uncollectable accounts to small claims court if the fare evader
had any assets. Small claims court could 1levy charges up to
$250. .

Passengers could appeal surcharges. An appeals
administrator reviewed appeals. The administrator upheld
appeals only for reasons of faulty equipment, inability to
understand English, mental incompetency, and non-residency.

Special appeals not covered by these guidelines were referred to
an appeals committee or to the chairman of the committee.

COLLECTION EXPERIENCE

TRI-MET had difficulty collecting surcharge notices. As of
May 1, 1984, the collection rate of surcharges issued from April
through October 1983 was 27 percent. TRI-MET efforts to
increase collections had limited success:

o Of the approximately 30 percent of surcharges turned
over to the collection agency, only 5 to 7 percent
were collected. TRI-MET said the small size of the
surcharges did not make it worthwhile for the
collection agency to pursue the accounts
aggressively.

o TRI-MET won judgments against all evaders it took to
small claims court. However, from September 1982
through April 1984, only approximately 100 cases out
of 54,903 uncollected surcharges were taken to
court. TRI-MET only took evaders to small claims
court if they had assets. Most evaders with an
outstanding surcharge had no assets.

o -TRI-MET began issuing citations in November 1983.
The collection rate of citations issued from that
time to May 1985 was 91 percent. However, while
22,152 surcharges were issued, only 240 citations
were issued during that period.

SSFC OPERATING EFFECTS
TRI-MET expected that SSFC would reduce passenger boarding

and alighting time, particularly on articulated buses, by
allowing all-doors boarding. If the time savings were large
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enough, TRI-MET could operate bus routes with fewer vehicles,
thereby resulting in major cost savings. The expectation of
cost savings was a major justification for implementing SSFC.

Survey results indicated that SSFC did not reduce bus dwell
times. A regression analysis of the survey data showed that,
with SSFC, passenger boardings were quicker but passenger
alightings were slower. The slower passenger alightings may
have been caused by a greater number of conflicts between
boarding and alighting passengers under SSFC.

Dwell times during SSFC were influenced by factors other
than passenger boardings and alightings. These factors may
include malfunctions of SSFC equipment and unfamiliarity of some
passengers with using SSFC equipment.

Route dwell time surveys found that total dwell times were
relatively short. The average total dwell time per one-way trip
for the spring 1982 period (pre-SSFC) was 134.2 seconds during
the morning peak and 136.4 seconds during the evening peak.
Since TRI-MET did not operate any routes with average peak
period headways of less than 5 minutes (300 seconds), dwell time
savings of one headway probably could not be realized on any
route.

SSFC_COSTS

The annual operating costs of SSFC were $4,661,000 as
compared with the annual operating costs of $1,258,800 for
traditional fare collection. SSFC was more than three times
more costly to operate than was the traditional fare collection
system. The cost estimate does not include the higher vandalism
costs of SSFC which TRI-MET was unable to estimate.

The major components of SSFC costs were:
o Fare evastion. Annual fare evasion losses during

SSFC totaled approximately $1,692,000 as compared
with traditional fare collection losses of $800,000.

o Enforcement costs. Net annual SSFC enforcement
costs (annual enforcement costs less annual
surcharge collections) totaled $1,330,000.
Traditional fare collection required no enforcement
expenditures.

0 SSFC equipment maintenance costs. Annual costs for
' SSFC equipment maintenance were $944,900 as compared

with traditional fare collection costs of $3,900.
ATTITUDES TOWARD SSFC

Overall, a majority of riders (55 percent) considered SSFC
better than the prior fare collection system. Only 15 percent
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of those responding to the survey considered it worse. The
balance thought SSFC was comparable to traditional fare
collection. ’

SSFC was not as popular among bus operators as it was
among riders. Only 48 percent of the operators believed
that SSFC was better than the prior fare collection system;
36 percent believed it was worse, and 16 percent believed
it was the same. The major reasons cited for perceiving
SSFC as an improvement were that SSFC made fare collection
easier for drivers and passengers and that it improved bus
operations. These points were stressed during SSFC
training classes. The major reasons cited for perceiving
SSFC negatively were increased fare evasion and unreliable
fare equipment.

OPERATOR ABSENTEEISM

TRI-MET expected that SSFC would reduce the stress that
bus operators experienced when enforcing fares and, as a
result, reduce operator absenteeism. However, because of
several exogenous factors, the effects of SSFC on operator
absenteeism could not be determined.

CONCI.USTIONS

According to its proponents, SSFC has the potential to
offer productivity savings on bus routes that have high
numbers of boarding and alighting passengers. These bus
routes are 1located primarily in 1large cities. However,
many of the problems encountered with SSFC in Portland are
problems that probably would occur in most large cities.
In summary, in order for SSFC to be successful on buses in
other large cities, the following problems which were
encountered in the Portland demonstration need to be
overcome:

. increased fare evasion;

. high enforcement costs;

. limited potential for productivity improvements;
. low surcharge/fine collections;

. overburdened courts; and

. increased vandalism.

The results of this demonstration suggest that--except for

special circumstances--it may be extremely difficult
implement SSFC for urban bus services in the United States.

xix/xx
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1. INTRODUCTION

In 1980, the Urban Mass Transportation Administration
(UMTA) awarded grants to the Tri-County Metropolitan Transpor-
tation District (TRI-MET) to implement self-service fare
collection (SSFC) on its bus system. TRI-MET 1is the transit
authority serving Portland, Oregon.

UMTA's objective in awarding the grant was to determine
whether SSFC, used in Europe, could be implemented in the United
States. TRI-MET became the second authority in the United
States to use SSFC and the first to use it on buses.

1.1 SSFC DESCRIPTION

Under SSFC, the passenger 1is responsible for paying the
fare and for possessing a valid ticket or proof of payment. The
passenger determines and pays the fare, using automatic ticket
validators or dispensers. The validated ticket or receipt 1is
proof of payment. On rail systems, entry is unimpeded by
turnstiles or station personnel; on bus or streetcar systems,
entry and exit is through any door.

Special fare inspectors roam the system to check for fare
evasion and to issue fines to passengers whose tickets or
receipts suggest improper fare payment. Such fare enforcement,
in which some system patrons are checked, 1is an important
element in SSFC.

Advantages of SSFC are that it has the potential to:

. Reduce capital costs for new construction of rail
systems. Stations can be built without barriers,
turnstiles, and complex equipment. Light rail
systems that use SSFC can obviate some stations.

. Facilitate transfers between modes. All riders pay
fares once and receive a receipt that 1is valid for
the whole trip on all modes.

. Facilitate use of variable and distance-based
fares. Patrons, instead of drivers, compute fares;
and inspectors, instead of drivers, verify fares.
This decentralization of fare computation and
verification allows fare structures that reflect the
cost and value of service. Thus, fare structures
can be more equitable.




Increase system productivity. Because patrons can
board and alight from all doors, the total time
spent at a stop (dwell time) may decline and
vehicles, particularly high capacity articulated
buses and light rail vehicles, can then be used more
efficiently. Since the total fleet is sized for
peak-hour travel, increased system productivity may
enable transit systems to maintain service levels
using fewer vehicles or to expand service without
increasing the fleet size.

Reduce labor costs for rail systems. Rail vehicles

can be operated without conductors, and the need for
station attendants is reduced. These personnel can

be replaced with a smaller number of fare inspectors.

Improve fare evasion control. Inspection can be
improved and a penalty system can be instituted
which can reduce pass forging, fare box short-
changing, and.zone fare avoidance.

Improve system security. The random appearances of
fare inspectors may discourage crime on the system.

Reduce operator stress and absenteeism. Drivers no
longer are responsible for fare enforcement, a
stress-related responsibility, so stress associated
with it can be reduced. With 1less stress, operator
absenteeism may decrease.

Improve passenger comfort. Multi-door 1loading may
achieve a superior distribution of passengers in the
vehicles.

Disadvantages to SSFC are that it has the potential to:

Increase bus systems' operating costs. Inspectors
must be hired.

Increase opportunities for fare evasion. Only a
percentage of riders can be inspected.

Appear complicated to the public. SSFC 1is new 1in
the United States; the public 1is not familiar with
how it operates.

SSFC PRIOR EXPERIENCE

In the early 1960s, SSFC was introduced in Switzerland and
Germany. It has since been adopted by many European transit
systems and is now spreading to other continents.
transit systems claim a 1l0-percent reduction in fleet
requirements as a result of reduced dwell times made possible

Some European




all-doors access.” Most European transit systems estimate
only a 1 or 2 percent fare evasion rate. However, higher rates
were experienced at the transit system in Albanx, New York,
which estimated a fare evasion rate of 9.2 percent.*

A few North American transit systems have introduced SSFC:

Since 1977, the transit system in Vancouver, British
Columbia, has operated a ferry using SSFC. The
system is highly satisfactory and in the future may
extend to other parts of the transit systenm.

. In 1980, the system in Edmonton, Alberta, initiated
SSFC on its light rail transit 1line and plans to
extend it to a second 1light rail 1line now under
construction and to the bus system.

. Since their openings in 1981, systems in Calgary,
Alberta, and San Diego, California, have used SSFC
on their light rail transit 1lines. San Diego's is
the first U.S. application of SSFC. San Diego's
system rgggrts fare evasion rates of 1less than one
percent.

Transit systems 1in other U.S. cities have expressed
interest in SSFC, especially systems planning to build 1light
rail transit systems or to operate 1large fleets of articulated
buses. TRI-MET was one of these systems. In February 1980, it
applied to UMTA for demonstration and capital assistance grants
to implement SSFC on its all-bus system. TRI-MET anticipated
extensive use of articulated buses and construction of a light
rail line.

* u.s. Department of Transportation, Urban Mass Transportation

Administration, Service and Methods Demonstration Program
Report, Report No. UMTA-MA-06-0049-81-12, December 1981.

** Ibid. Albany, New York, was the site of a downtown free-

fare zone demonstration project which gradually evolved into
a driver-monitored honor system of fare collection for
outbound trips.

*** Self-Service Fare Collection on the San Diego Trolley,

U.S. Department of Transportation, DOT-TSC-UMTA-84-16, May

1984.




1.3 DEMONSTRATION OVERVIEW
In September 1980, UMTA awarded TRI-MET grants totaling
$5,928,290 to implement SSFC. The grant comprised a Service and
Methods (SMD) demonstration grant of $3,118,850 and a capital
grant of $2,809,440. TRI-MET began demonstration planning after
the grant was awarded and, in September 1982, implemented SSFC
on all its buses.
TRI-MET's SSFC demonstration comprised nine major elements:
legal research and ordinance development;
equipment procurement;
fare prepayment expansion and promotion;
zonal fare system expansion;
marketing and employee training;
. operations;

. fare inspection;

surcharge fare billing and collection system
development; and

program evaluation.
In December 1983, federal funding of the demonstration ended.

1.3.1 SSFC Operation

Passengers had a choice of three forms of payment: passes,
tickets, and cash. Passengers using passes or validated 10-ride
or 24-hour tickets had all-doors entry on all buses. Passengers

using tickets requiring validation boarded through the front
doors of standard buses and through all three doors of
articulated buses. Passengers using cash boarded through the
front door.

TRI-MET used on-board fare collection equipment with three

components: dispensers, validators, and controllers.
Passengers using cash deposited fares in the fare box; drivers
then activated the dispensers to issue tickets. Passengers

using 10-ride or 24-hour tickets inserted them in validators
which cut off the corner and printed fare data on the front.
Controllers contained the electronic gear which operated the
other two components.




TRI-MET deployed fare inspectors, generally in teams of
two, to board buses and inspect for wvalid tickets or passes.
Passengers without valid proof of payment were given either
verbal warnings or fare surcharges of $20. TRI-MET targeted an
inspection 1level of 6 percent of all passengers. The
enforcement role of bus operators was limited to checking cash
fares for farebox shortchanging.

1.3.2 Local Objectives

Among TRI-MET's numerous objectives were:

Ensure the productive use of transit vehicles. At
the time of the grant application, TRI-MET planned
to build a 1light rail 1line and purchase 125
articulated buses. TRI-MET expected to wuse these
vehicles effectively by reducing passenger boarding
and alighting time.

. Improve operator working conditions and attendance.
With operators no longer responsible for monitoring
all fare «collection, TRI-MET expected operator
stress to decrease and therefore working conditions
and operator attendance to improve.

Improve the equity of the fare structure. Persons
attending public hearings had voiced concern about
high base fares being needed to subsidize 1long-
distance trips under TRI-MET's pre-demonstration
3-zone systenmn. With SSFC, TRI-MET was able to
institute a 5-zone system which allowed better
distance-based pricing.

Reduce fare evasion, particularly zone-fare avoid-
ance and pass forging. TRI-MET found that zone-fare
avoidance and pass forging were difficult for
drivers to control and hoped that SSFC would reduce
these. abuses.

Reduce fare collection costs. TRI-MET hoped that
the use of prepayment instruments would increase
under SSFC. Increased use would reduce money

handling costs, particularly if, as expected, dollar
bill use for higher fares increased.

. Simplify fare payment rules for passengers. Before
SSFC, passengers always paid when boarding buses on
‘inbound and crosstown routes. On outbound routes
from downtown Portland, passengers paid when
alighting buses except during the evening peak when
passengers paid when boarding buses. During SSFC,
passengers always paid when boarding buses.




. Improve system security. TRI-MET expected that the
random appearance of radio-equipped inspectors would
increase system security.

. Improve TRI-MET's public image. At the time of the
grant application, public concern over increasing
public subsidies to TRI-MET was drowing. TRI-MET
had a reputation as an innovator because its down-
town transit mall, transit transfer stations, and
park-and-ride service had proved successful.
TRI-MET hoped that its SSFC program would demon-
strate its commitment to efficiency and would
cultivate its reputation as an innovator.

1.3.3 SMD Obijectives

UMTA sponsored the SSFC demonstration in Portland with
grants administered by its SMD program. Through its financial
support, UMTA (1) tested to see if the general public and
transit property personnel accepted SSFC enforcement activities
and fare collection equipment; and (2) established accurate
estimates of the costs and benefits of SSFC.

1.4 EVALUATION OVERVIEW

This report documents the activities and presents an
evaluation of TRI-MET's SSFC project:

. Documented activities include events 1leading to the
project, project planning, marketing, training, fare

collection enforcement, equipment performance,
factors affecting the project, and project
conclusion.

. Evaluated issues include the effects on vehicle
productivity, operating costs, fare compliance,
operator absenteeism, ridership, revenue, and travel
behavior; and attitudes of operators, users, and the
public.

Sources of data for the report were:

. surveys before and during SSFC of bus riders and
drivers;

. a panel survey of respondents to the on-board survey;

. a survey of households during SSFC;

. studies before and during SSFC of bus dwell and run
time;




records and operating reports of TRI-MET; and

. interviews with TRI-MET staff.

Figure 1-1 presents a time 1line of TRI-MET's extensive data
collection activities. Appendix A presents all survey forms.

1.5 ORGANIZATIONAL ROLES

UMTA partially funded TRI-MET's SSFC demonstration through
its SMD and capital assistance programs. In addition to UMTA,
four agencies participated in the demonstration.

TRI-MET, the grant recipient, is a public transit authority
that serves metropolitan Portland, Oregon. This non-profit,
municipal corporation was organized under state of Oregon
statutes. Since its founding in 1969, TRI-MET has aggressively
expanded and improved transit service to the Portland area with
projects such as the downtown Portland Transit Mall, Fareless
Square (a fare-free zone in downtown Portland), and suburban
transit transfer stations. TRI-MET planned, implemented,
operated, and monitored the SSFC demonstration. It developed
and administered the evaluation surveys and collected operations
data necessary for the evaluation.

Transportation Systems Center (TSC) is responsible to UMTA

for the evaluation of the project and the management of the
evaluation program. UMTA and TSC specified issues of national
interest, while TSC provided guidelines for evaluation planning
and methodology.

Peat Marwick was contracted by TSC to conduct the
evaluation. Peat Marwick documented its findings in this report.

J.W. Leas & Associates, as part of this study, conducted an
evaluation of SSFC equipment.



1980 September

1981 Spring

1982 February
Spring
May
September
October

1983 March

Spﬁné

Aprii/May

December

UMTA awards TRI-MET the grant

TRI-MET begins planning for SSFC

Pre-SSFC standard bus dwell time survey conducted
Pre-SSFC operator attitude survey conducted
Pre-SSFC articulated bus dwaeil time survey conducted
Pre-SSFC on-board survey conducted

SSFC bhegins

Telephone household survey conducted

SSFC on-board survey conducted

SSFC panel survey conducted

SSFC bus dwell time survey conducted

SSFC operator survey conducted

Evaluation monitoring ends

FIGURE 1-1. TIME LINE OF DATA COLLECTION ACTIVITIES
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Before SSFC

During SSFC




2. SITE DESCRIPTION

The Portland Metropolitan Statistical Area (MSA) is 1located
in the northwest corner of Oregon adjacent to southwest
Wwashington at the confluence of the Willamette and Columbia
Rivers. It comprises Clackamas, Multnomah, and Washington
Counties in the State of Oregon and Clark County in the State of
Washington (Figure 2-1). The MSA land area totals 3,650 square
miles.

Portland is the central city and core area of the Portland
MSA. It straddles the Willamette River for several miles south
of the Willamette's junction with the Columbia. Most of the
city of Portland 1is within the boundaries of Multnomah County;
however, parts extend into Clackamas and Washington Counties.

In 1980, the Portland MSA's population was 1,242,594, and
the City of Portland's population was 366,383. Together,
Clackamas, Multnomah, and Washington Counties, which constitute
the area served by TRI-MET, account for about 40 percent of
total Oregon population.

Land use in the region is characterized by a high density
downtown, a large port and industrial area, a stable urban
residential area, and dispersed suburban and rural communities.
Regional topography has strongly influenced 1land use in the
MSA. The confluence of the Columbia and Willamette Rivers has
helped make the area a major shipping and distribution center
for a large part of the Pacific Northwest. Major concentrations
of industrial development are 1located along the Oregon portion
of both rivers. The West Hills between downtown Portland and
the Tualatin Valley have fostered the development of a more
autonomous suburban area in Washington County than has
historically developed in suburban Clackamas or Multnomah
Counties.

2.1 DEMOGRAPHY

In the past two decades, the Portland area grew
tremendously. Between 1960 and 1970, Portland MSA population
increased by 51.1 percent, and between 1970 and 1980 by
23.1 percent (Table 2-1). Between 1970 and 1980, Portland MSA
population and employment growth rates for the Portland MSA were
approximately twice those for the nation as a whole (Figure 2-2).

This -growth, however, was not uniform throughout the
region. The growth occurred mostly in the suburban Counties of
Washington, Clackamas, and Clark. The population of the urban
county of Multnomah, which includes most of the City of
Portland, grew in the 1960s by only 7.6 percent and in the 1970s
by only 1.1 percent. The City of Portland in the 1960s lost
1.7 percent of its population and in the 1970s lost 4.2 percent.

- 9 -
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TABLE 2-1

POPULATION GROWTH AND DISTRIBUTION

1980 Population % Change % Change

Area Total MSA 1960-1970 1970-1980

Portland MSA 1,242,594 51.1% 23.1%
City of Portland 366,383 -1.7 -4.2
Multnomah County 562,640 7.6 °~ 1.1
Washington County 245,808 166.1 55.7
Clackamas County 241,919 114.0 45.7
Clark County 192,277 104.9 49.6

Source: U.S. Bureau of Census, 1980 Census of the Population.
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POPULATION GROWTH RATE EMPLOYMENT GROWTH RATE

. 6% . 6%
i 5% :5% ‘
2 4% 24 %
2 3% 3% Z
2% - $2%| p /
S 1%l @ ? 1% / %
U.S.A. PORTLAND U.S.A. PORTLAND
MSA MSA

Source: METRO, Preliminary Draft of the METRO Recommended Regional Transportation Plan,
November 1981, p.24

FIGURE 2-2. COMPARISON OF NATIONAL AND PORTLAND MSA POPULATION AND EMPLOYMENT
GROWTH RATES 1970-1980
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Between 1970 and 1980, total <civilian employment in the
Portland MSA rose from 399,640 to 582,364, a 46 percent
increase. Table 2-2 presents trends in per capita income and
the Consumer Price Index (CPI) in the ©Portland MSA relative to
comparable Oregon and national data. In 1979, per capita income
of the Portland MSA was significantly higher than that of the
United States as a whole ($10,067 versus $8,757). However,
inflation was more severe in Portland than in the United States
as a whole (CPI of 225.4 versus 217.4).

2.2 TRANSPORTATION AND TRAVEL PATTERNS

Private autos and trucks dominate the Portland MSA's
regional transportation system. Figure 2-3 illustrates that, of
total daily trips in 1977, 83.5 percent were by automobile,
7.9 percent by walking, and 3.6 percent by transit. Other modes
accounted for 5.0 percent. For home-based work trips in 1977,
90.8 percent were by automobiles, 5.9 percent by transit,
1.9 percent by walking, and 1.4 percent by other modes.

Historically, metropolitan area travel was oriented
primarily toward the downtown core and industrial areas along
the Willamette River. Although most work trips are still to the
city of Portland, Portland's share of the region's jobs,

particularly industrial Jjobs, 1is decreasing. The rate of
population and employment growth in the suburbs has exceeded
that of the city of Portland. This increase has fostered

growing suburban travel for both work and nonwork purposes.

Transportation in the Portland metropolitan area is
currently experiencing deficiencies in both its highway and
transit systems. During peak hours, these deficiencies cause
congestion and bottlenecks.

2.3 FUTURE GROWTH IN TRAVEL DEMAND**

At the time of SSFC planning, projections for year 2000 for
the Oregon portion of the Portland MSA showed population
increasing 36 percent and employment increasing 51 percent.
These large projected increases would result in substantial

* TRI-MET, Five Year Transportation Development Plan FY 1981-

1985, -September 1980, p. III-1, III-2.

** All projections are from METRO, Preliminary Draft of the

METRO Recommended Regional Transportation Plan, November
1981. This document covers year 1980 through year 2000.
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TABLE 2-2

RELATIVE TRENDS IN PER CAPITA PERSONAL INCOME
AND CONSUMER PRICE INDEX

% Change % Change
1970%  1975%  1979%%  1970-1975 1975-1979

United States

Per Capita Income ($) $3,893 5,861 8,757 51% 49%

Consumer Price Index 116.3 161.2 217 .4 39 35
Oregon

Per Capita Income ($) 3,677 5,764 8,877 57 54

Consumer Price Index NA NA NA NA NA

Portland MSA
Per Capita Income ($§) 4,167 6,457 10,067 55 56
Consumer Price Index . 113.2 156.5 225.4 38 44

* Data for all urban wage earners and clerical workers.
**% Data for all urban consumers.

Source: Data from Bureau of Economic Analysis, U.S. Department of
Commerce (Preliminary, Subject to Revision) as cited in Annual Planning
Information FY 82 For the Portland Area, State of Oregon Employment
Division, May 1981.




TOTAL DAILY TRIPS

Total Auto
83.5 percent

Single-Occupant
Auto
60.7 percent

Shared-Ride
Auto

22.8 percent

7.9 percent

Soures: METRO, CRAG Travel Behavior Survey: Design Implementation, and General Results,
Tochnical Memorandum No. 10, May 1878.

HOME-BASED WORK TRIPS

Total Auto
90.8 percent

Single-Occupant
Auto
79.5 percent

1.8 percent

Transit
5.9 percent

Other
1.4 percent

FIGURE 2-3. REGIONAL MODE SPLIT IN 1977

Shared-Ride
Auto

11.3 percent




increases in . travel. Table 2-3 illustrates that the total
number of trips produced in the Oregon portion of the region
would increase by almost 45 percent. Work trips were projected
to grow faster than non-work trips, largely because employment
growth was expected to exceed population growth. The growth in
work trips would increase demand for additional <capacity on
highway and transit systems during peak travel periods.

Despite the trend toward suburbanization of employment
opportunities and population, METRO projected that in the vyear
2000 about 72 percent of all regional trips -would be within
currently settled areas. Projected continued growth of downtown
Portland employment for the year 2000, would increase trips to
downtown by 26 percent.

2.4 TRI-MET TRANSIT SERVICE

TRI-MET, which is the mass transit authority for the
Portland metropolitan area, is the largest transit district in
Oregon and the fifth largest U.S. transit operator on the West
Coast. It operates in three counties (Multnomah, Washington,
and Clackamas) which cover an area of 3,066 square miles with a
total population of about 1,050,000. Service 1is provided in
1,000 square miles of the district. Table 2-4 presents selected
Fiscal 1980 operating statistics for TRI-MET at the time of the
grant application for self-service fare collection (SSFC).

After it assumed ownership of the private transit com-
panies, TRI-MET greatly expanded transit service to Portland.
Between 1970 (when TRI-MET assumed operation of the last of the
area's private transit companies) and 1980, TRI-MET replaced the
original 293-bus fleet with 570 diesel buses and increased
service miles by 400 percent. As a result, by 1980 ridership
doubled to 145,000 average daily passengers, and TRI-MET's share
of work trips to and from downtown Portland grew to 35 percent.

TRI-MET operates 24 hours a day, 7 days a week. During
peak travel periods, most bus lines operate at 5= to 20-minute
headways. Off-peak, bus 1lines generally operate at 15- to

60-minute headways. A few buses continue operating during the
early morning hours to provide "owl service" on selected routes.

Like other U.S. bus systems, TRI-MET used drivers to

enforce and inspect fare collection. However, Fareless Square
required changes to the standard pay-as-you-enter system. Oon
crosstown and inbound routes, patrons filed past the driver and
paid as. they entered. On outbound routes from downtown

Portland, patrons exited past the driver and paid as they. left
the bus except during afternoon peak hours when Fareless Square
was suspended.

- 16 -




TABLE 2-3

TOTAL DAILY VEHICULAR PERSON TRIPS BY PURPOSE
(Oregon Productions)

1980-2000
% Net %

1980 Total 2000 Change Change

Work Trips 718,000 20.8 1,095,000 +377,000 +52.5
Non-Work Trips 2,416,000 69.9 3,405,000 +989,000 +40.9
Home -Based 1,403,000 40.6 1,937,500 +534,500 +38.1
Non-Home-Based 1,013,000 29.3 1,467,500 +454,500 +44.9
Commercial Trips 176,000 5.1 262,000 + 86,000 +48.9
External Trips | 146,000 4.2 238,000 92,000 +63.0
Total 3,456,000 100.00 5,000,000 1,544,000 +44.7

Source: METRO, Prelimipary Draft of the METRO Recommended Regional
Transportation Plan, November 1981.




TABLE 2-4

TRI-MET FISCAL 1980 OPERATING STATISTICS
(July 1, 1979-June 30, 1980)

Service Area

Population
Total District Size
Service Area Size

Employees

Bus Operators

Maintenance Employees
Other Operations Personnel
Administrative Personnel

Operations

Standard Diesel Buses

Bus Routes

Route Miles

Weekday Bus Miles

Annual Bus Miles

Average Weekday Passengers
Annual Passengers

Facilities

Downtown Transit Mall
Transit Stations

Park and Ride Lots
Parking Spaces

Bus Garages

Bus Stop Shelters

Bus Stops
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1,050,367
3,066
1,000

1,500

1,000
180
130
190

570

71

1,956
73,966
21,649,138
145,900
43,953,000

22

68
3,600

700
8,000

sq. miles
sq. miles

blocks




3. DEMONSTRATION HISTORY

This section discusses events 1leading to TRI-MET's grant
application for a self-service fare collection (SSFC)
demonstration, changes to demonstration schedule, planning for
demonstration, changes in service, implementation of SSFC, and
changes after the demonstration.

Figure 3-1 presents a time line of major SSFC demonstration
events.

3.1 EVENTS LEADING TO GRANT APPLICATION

In 1979, TRI-MET introduced its 5-year transit development
program. Two of the program's goals were to:

. expand transit service to meet projected increases
in ridership; and

. improve the productivity of transit operations.

To meet these goals, 2 plans of the ©5-year development program
called for purchasing 125 articulated buses and constructing a
-15-mile light rail line on the east side of Portland. This rail
line would run from downtown Portland to downtown Gresham.
TRI-MET expected articulated buses to improve productivity by
providing, for the same operator costs, 40 percent more capacity
than that provided by standard buses. It expected the 1light
rail line to improve productivity because operating costs would
be less than those of comparable bus service.

TRI-MET, to keep costs down, wanted single person operation
of articulated buses and light rail vehicles. It expected that
with traditional fare «collection, single person operation of
multi-door vehicles would not be productive because access would
be 1limited to one door. In response, TRI-MET studied
alternative fare collection methodologies.

Other factors contributing to the study were:

. The desire for a distance-based fare structure.
Concern had been expressed at public hearings that
the base fare was too high and that it was
subsidizing 1long distance trips. At that time,
TRI-MET had a 3-zone fare system and believed that
the existing fare collection system could not
operate with more zones.
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1979 TRI-MET develops its 5-year transit development
plan
1980 February \ TRI-MET submits grant application
June \ TRI-MET adopts 5-year transit development plan
September UMTA awards TRI-MET the grant
TRI-MET begins planning for SSFC
1981 March TRI-MET awards contract for SSFC equipment
1982 January TRI-MET awards contract for surcharge
fare collection
February TRI-MET begins operator training for SSFC
March \ TRI-MET adopts first fare evasion ordinance
May \\ TRI-MET begins public information program
4
September TRI-MET begins SSFC, new zone system, and
Eastside cross town service
/ TRI-MET expands service
/ TRI-MET increases tares
1983 June Court upholds TRI-MET's authority to levy
surcharge fares
August TRI-MET implements manual back-up fare collection
TRI-MET begins driver training for dispenser
repairs
// TRI-MET adopts amended fare ordinance
.
7
1984 April TRI-MET implements modified SSFC

Befere SSFC N \

During SSFC ///

FIGURE 3-1. TIME LINE OF SSFC EVENTS
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The realization that fare boxes would eventually
need to be replaced. TRI-MET's existing fare boxes
could not accommodate the increase in the use of
dollar bills that would accompany future fare
increases.

The desire to reduce fare evasion. TRI-MET's 1979
fare evasion study concluded that fare boxes were
often shortchanged and zone fares were often avoided.

The study recommended that SSFC could best address these
concerns. Therefore, TRI-MET applied to the Urban Mass
Transportation Administration (UMTA) for a demonstration grant
to implement SSFC.

At about the same time, UMTA concluded that SSFC might have
significant benefits for U.S. transit systems. UMTA's interest
was sparked by the success of SSFC in Europe and plans by the
Metropolitan Transit Development Board in San Diego to implement
SSFC on its new 1light rail 1line. In September 1980, UMTA
awarded Service and Methods Demonstration (SMD) and capital
assistance grants to help fund SSFC implementation on TRI-MET's
bus systen.

3.2 CHANGES TO DEMONSTRATION SCHEDULE

TRI-MET originally planned to conduct the demonstration in
three phases:

. Planning would include equipment procurement,
training, and marketing for implementation of SSFC.
Legal issues would be examined, and appropriate
changes 1in state and 1local 1legislation would be

effected.

. Limited SSFC would include using SSFC equipment in
each vehicle to collect fares with driver
supervision of fare payment; fare inspectors would
not be used to monitor and enforce fare
collection. Passengers would enter through front

doors and be required to have proof of payment.
During this phase it would be possible to revert
quickly to conventional fare collection should it be
required by adverse political, 1legal, or technical
considerations.

. Full-Scale SSFC would feature full access and egress
thrdéugh all doors and reliance on frequent random
checks by inspectors in 1lieu of driver supervision
of fare payment.
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During implementation planning, concern was expressed that
even though phased implementation was cautious and flexible, it
would not yield expected benefits immediately and would create
the impression that the fare system was constantly changing.
Therefore TRI-MET decided to proceed with full, rather than
phased, implementation. The increased simplicity of a single
systemwide switch and the immediate realization of expected
operating benefits outweighed the benefits of the more cautious
multi-phase approach. Although equipment requirements for
limited and full-scale SSFC were the same, the decision to go
with full implementation required additional expenditures for
fare inspectors.

3.3 PLANNING FOR THE DEMONSTRATION

TRI-MET began demonstration planning in 1980. During that
time TRI-MET:

developed and implemented a public and employee
information program;

. researched and developed a fare evasion ordinance;
. procured and tested SSFC equipment;

developed new prepayment options;
. designed a new zone system;

. developed a surcharge fare billing and collection
system; and

. developed an evaluation program.

To coordinate and manage these tasks, TRI-MET established a
project control committee. The committee was charged with
overseeing the demonstration and with making vrecommendations on
technical issues. The committee assigned nine subcommittees to
perform the tasks and prepare technical recommendations:

. fare structure and policy;

. ticket, pass, and schedule sales and distribution;

. SSFC equipment;

legal issues;

. fare inspection;

records, billing, and collection;
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. SSFC operations;
public information; and
evaluation.

This organizational structure aided coordination between
the departments within TRI-MET and assigned responsibility for
specific tasks to groups of appropriate persons.

3.4 CHANGES IN SERVICE

Coincident with its decision to implement full-scale SSFC,
TRI-MET decided to implement several service changes at the same
time:

zone structure changes;
fare changes;
. ticket and pass changes; and

City and Eastside Transit Improvement Program
(CETIP).

TRI-MET made the changes all at once to maximize marketing
dollars spent, to minimize confusing the public, and to 1limit
the number of training programs needed for the public and
employees.

3.4.1 Zone Structure Changes

Before SSFC, TRI-MET had three zones. SSFC enabled TRI-MET
to expand its zone system from three to five zones, as shown in
Figure 3-2. The five-zone system allowed more equitable
distance-based fares.

Under the old 2zone structure, 2zone 1 comprised Fareless
Square, zone 2 comprised the city of Portland and zone 3
comprised the suburbs. With the SSFC zone structure, TRI-MET
enlarged zone 1 to create an "inspection band" around Fareless
Square and spaced the other zone boundaries between three and
five miles apart. TRI-MET designed the zones to be
approximately equal in width. However, the suburban 2zones are
wider than the inner city zones so that suburban centers can 1lie
within one zone.

When "planning the SSFC zone structure, TRI-MET studied
implementing a cellular system or a circumferential system.
Cellular systems, which are wused by some European transit
systems, have zones that are approximately equal in size. Such



FARES BEFORE SSFC

FARES DURING SSFC

CASH MONTHLY

OR TICKET PASS

Vancouver - Portiand $1.00 $35.00

Adult 3-Zone . .90 28.00

Aduit 2-Zone .65 21.00

Youth All-Zones A5 14.00
Retarded Citizen ;

(all hours; all zones) .25 " None

Honored Citized Same as ‘‘Adult’’ fare (weekdays 7-9 am, 4-6 pm)
Honored Citizen

(all other hours, all zones) .25 None
RETARDED CITIZENS must obtain a STAR card from Clackamas, Multnomah or Washington County
Association for Retarded Cituzens.
HONORED CITIZENS must have proof of payment of adult fare with them during peak hours. The

Honored Citizen Monthly Pass will count 25* toward the full adult fare. 10-Ride Tickets for Honored
Citizens are avaiable for regular adult fares. Books of 25* tickets are still available for Honored Citizens.

ZONE STRUCTURE BEFORE SSFC

® o
Forest Cotnedys  Hilisooro
Giove

FIGURE 3-2. CHANGES IN FARES AND ZONE STRUCTURE

10-RIDE ~ VALID AS MONTHLY
CASH TICKET TRANSFER PASS

Adult All-Zones $1.25 $11.50 2% hours  $40.00
Adult 3-Zone 1.00 9.00 2 hours 32.00
Adult 2-Zone (1 or 2 zones) .75 6.50 1% hours 23.00
Short Hopper
1-Zone None 500 1 hour None
24-Hour All-Zones None 2.50 24 hours None
(unlimited rides)
Youth All-Zones .50 4.50 2% hours 15.00
Retarded Citizen
‘(all hours; all zones) .25 None 2Y% hours 6.00
Honored Citizen Same as “Adult” fare (weekdays 7-9 am, 4-6 pm)
Honored Citizen -
(all other hours; all zones) .25 None 2Y hours 6.00

2-ZONE 10-RIDE TICKET pius 25¢ will permut travel within three zones, or the same ticket plus 50¢
will permut travel anywhere. 3-Zone 10-Ride Ticket plus 25¢ will permut travel anywhere.

2-ZONE MONTHLY PASS holders may travel within three zones upon payment of an additional 25¢, or
may travel anywhere within the system upon payment of an additional 50¢. 3-Zone Monthly Pass
holders may travel anywhere on any regularly scheduled route upon payment of 25¢.

RETARDED CITIZENS must obtain a STAR card from Clackamas, Multnomah or Washington County
Association for Retarded Citizens.

HONORED CITIZENS must have proof of payment of adult fare with them during peak hours. The
Honored Citizen Monthly Pass will count 25¢ toward the full adult fare. 10-Ride Tickets for Honored
Citizens are avadable for regular adult fares. Books of 25¢ tickets are stull available for Honored Citizens.

ZONE STRUCTURE DURING SSFC

Forest
Grove

Cornetius

@ Estaces

™~




systems are appropriate for large cities with widely scattered
activity centers. Circumferential systems have concentric zone
boundaries around a single major activity center. Such systems
are appropriate for predominately radial systems. TRI-MET chose
a circumferential system because (1) it was simpler, (2) it
would generate almost as much revenue as would the cellular
system, and (3) it would encourage use of its new crosstown
service.

3.4.2 Fare Changes

Before the implementation of SSFC, TRI-MET had a 3-zone,
variable fare structure:

Under TRI-MET's 3-zone structure, base fare covered
travel between any 2 zones, and TRI-MET levied a
zone charge for 3-zone trips. Zone 1, covering
downtown Portland, was a fare-free zone called
Fareless Square.

TRI-MET's variable fare structure discounted fares

to students, children, and senior (honored)
citizens. Monthly passes provided discounts to
commuters and frequent users, In Fiscal 1981,

monthly passes accounted for nearly 46 percent of
total fare collections.

With SSFC implementation, TRI-MET 1lowered adult fares for
the shortest trips by 23 percent, and raised adult fares between
15 and 39 percent, depending on the distance traveled.
Figure 3-2 presents the fares from before and during SSFC.

When developing the new fares, TRI-MET had to decide how
many zones the base fare would cover and how many 2zones would
require additional charges. TRI-MET decisions on the new fares
included:

. The base cash fare covered two zones so that persons
living near zone boundaries would not be penalized.

A l-zone discount fare was instituted to encourage
short l-zone trips. This fare could only be paid
using a 10-ride ticket.

. The fare structure had 4 zone fares (l-zone, 2-zone,

3-zone, and all zones) instead of 5 because fewer
than 2 percent of its riders rode 5 zones.
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3.4.3 Ticket and Pass Changes

TRI-MET made several changes to its tickets and passes to
enable SSFC to expand use of prepaid fares. TRI-MET:

. replaced prepaid single-ride tickets with 10-ride
tickets;

added 2 new categories of tickets, a '"short hopper"
10-ride l1-zone ticket, and a 24-hour all-zone ticket;

. added monthly passes for mentally handicapped and
elderly riders; and

discounted adult 10-ride tickets between 8 and
33 percent and adult monthly passes between 20 and
23 percent.

SSFC required that tickets and passes display boarding
information so that fare inspectors could determine their
validity. Single-ride tickets issued to cash passengers and
validated 10-ride and 24-hour tickets displayed boarding =zone,

time, date, number of valid zones, and fare category. Tickets
were valid for one to 24 hours, depending on the ticket
(Figure 3-2). Passes displayed origin and destination zones,

fare category, and valid month. Figure 3-3 presents examples of
TRI-MET's SSFC tickets and passes. The use of tickets with time
information obviated the need for transfers.

3.4.4 CETIP

CETIP called for initiating crosstown bus service on
Portland's east side and for increasing daily service by 400 bus
hours (an 8 percent increase). Before CETIP implementation,
TRI-MET had a radial route structure with almost all routes
serving downtown Portland.

3.5 TIMPLEMENTATION OF SSFC

TRI-MET implemented SSFC on Sunday, September 5, 1982, of
Labor Day weekend. Light traffic gave TRI-MET a two-day
shakedown period. The switch to SSFC occurred without any major
problems; operations during the first rush hour went smoothly.

Three major factors affected the demonstration:

. SSFC equipment breakdowns were frequent, especially
with® the dispensers and validators. Frequent
breakdowns caused service delays, reduced service
reliability, increased maintenance costs, and
resulted in lost revenues. (When dispensers
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malfunctioned, passengers rode free until eleven
months into the demonstration when TRI-MET
implemented a manual back-up dispenser system.)

Fare evasion revenue 1losses during SSFC were much
higher than they were before SSFC.

The 1982 recession reduced TRI-MET's receipts from
its payroll tax and the fare box during the

demonstration. When compared with 1981 figures,
average annual employment in the Oregon portion of
the MSA was 2.3 percent lower in 1982, and
1.7 percent lower in 1983 (Figure 3-4). Ridership

lagged behind employment trends. When compared with
1981 average annual ridership increased .8 percent
in 1982 but declined 1.1 percent in 1983. Declines
in revenues from fares and the payroll tax
accentuated revenue losses from fare evasion.

After SSFC began, TRI-MET dismantled the project control
committee which oversaw demonstration planning and dispersed
SSFC management responsibilities among its operating
departments. During the demonstration when TRI-MET realized
that equipment performance would not improve without major
investments and that revenue losses could not be reduced, it
established a fare policy committee to study fare collection

options after demonstration funding expired. The committee
comprised members who were responsible for SSFC functions in the
various operating departments. The committee recommended that

TRI-MET implement a limited SSFC system.

3.6 CHANGES AFTER THE DEMONSTRATION

In April 1984, TRI-MET instituted a limited SSFC system by
which all-door boarding occurred only in Fareless Square from

6:30 a.m. to 6:30 p.m. weekdays. All others were
driver-monitored, front-door boardings. TRI-MET used 6 fare
inspectors to monitor outbound trips from Fareless Square. It
discontinued use of SSFC equipment, reinstituted use of
transfers, replaced 10-ride tickets with booklets of 10 tickets,
and continued use of the 5-zone fare structure. Passengers

paying with cash or with tickets received one of two
transfers--a blue one which was good for up to two =zones or a
white one which was good for three or more zones. Drivers
punched the type of fare on the transfer.

Fare evasion with partial SSFC was higher than that of
traditional fare collection. Despite the higher revenue losses,
TRI-MET used SSFC in Fareless Square in order to:

. maintain the option of having some form of SSFC on
buses when it opens its 1light rail 1line. TRI-MET
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Average Annual Employment for the
. Oregon Portlon of The Portland MSA
(In Thousands)
TRI-MET Annual Ridership

(in Milllons)
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520 % - 37.4
518 % 37.1 : 37.2
516 % 5 E 37.0
514 % EEEEE $12.0 : 36.8
512 % E:E:E ‘ : 36.6
510 % 508.7 :E:E: : 36.4
' 508 ~ 2/ RS 4 3.
% S05 // % 2:3:5 | - ::Z
' 1 1982 1983
Employment %
CALENDAR YEAR SO
Ridership Penene]

FIGURE 3-4. ANNUAL EMPLOYMENT AND RIDERSHIP DURING THE DEMONSTRATION




planned to use SSFC on its 1light rail and believed
that, if SSFC was cancelled, it could not
reinstitute it in any form on buses.

have all-doors boarding on articulated buses in
Fareless Square (one of the reasons why TRI-MET
implemented SSFC).

avoid the confusion of having different payment
procedures for peak and off-peak periods. Before
SSFC, TRI-MET had different payment procedures for
peak and off-peak outbound trips from Fareless
Square. TRI-MET believed the different procedures
confused riders.

In anticipation of the opening of the 1light rail
TRI-MET is reviewing fare policy. After the review is comp
TRI-MET will decide whether to keep SSFC in Fareless Square.

- 30 -

line,
leted




4., SELF-SERVICE FARE COLLECTION EQUIPMENT

Fare structure and payment changes (increasing the number
of fare zones, introducing 10-ride tickets, eliminating transfer
slips, and requiring proof of payment) and bus boarding changes
defined self-service fare collection equipment needs.

This section discusses TRI-MET's SSFC equipment:

operation;

capital and installation costs;
procurement;

testing;

performance;.

. reviews; and

. maintenance.

4.1 OPERATION

TRI-MET's on-board fare equipment consisted of validators,

ticket dispensers, and control units (controllers). This
equipment accommodated 10-ride and 24-hour tickets, and cash
fares. Figure 4-1 displays schematics of these components.

TRI-MET modified rear-door controls to allow driver-operated
rear doors on standard buses and driver- and passenger-operated
rear doors on articulated buses.

4.1.1 Controller

Located on the dash in front of the bus, the
driver-activated controller regulated the validators and the
dispenser. The controller contained a clock, controls for
setting zones and fare categories, and a system malfunction
indicator light. The controller tallied ticket dispensing and
validating activity, and displayed time and zone information for
the driver. When a bus crossed a zone line, the driver manually
set the controller for the proper zone. When a passenger paid
cash, the driver depressed the appropriate controller key for
the type. of fare, activating the dispenser which issued a ticket.

If the validator or dispenser malfunctioned, a warning
light flashed on the controller indicating which wunit was
malfunctioning. It did not, however, provide information on the
nature of the malfunction.
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4.1.2 Dispensers

TRI-MET retained existing fare boxes for passengers paying
cash, and installed a new piece of equipment nearby--a ticket
dispenser. The dispenser, a driver-activated machine, issued

single-ride tickets for fares deposited in the fare box. The
dispenser printed the machine number, boarding zone, time, date,
number of valid zones, and fare category. The electronic and

software components of the dispenser were similar to those of
the validator.

4.1.3 Validators

When a passenger inserted a ticket 1in the wvalidator, the
validator clipped a corner from the ticket and printed the
boarding date, time, and zone. The validators accommodated
TRI-MET's 10-ride and 24-hour tickets. For 10-ride tickets, the
validator clipped the corner and printed on the line
corresponding to the trip number (Figure 3-3 in Section 3). In
Portland, one validator was located directly behind the driver's
seat in standard buses, and in articulated buses, additional
validators were located inside both rear doors (Figure 4-1).

4.1.4 Rear-Door Controls

TRI-MET retrofitted its standard buses for rear-door
boarding. Electrical and air system modifications allowed
drivers to operate rear doors when operating front doors.

TRI-MET purchased articulated buses already equipped with
driver- and passenger-operated rear doors. TRI-MET ordered this
option to reduce rear-door opening in inclement weather.
Passengers pressed buttons located on the interior and exterior
of the buses to open the rear doors. '

4.2 CAPITAL AND INSTALLATION COSTS

SSFC equipment capital costs totaled $2,727,500;
installation costs totaled $503,400. Table 4-1 presents a
breakdown of this data.

TRI-MET calculated installation costs by multiplying the
average installation time by average mechanic hourly rates.
SSFC equipment installation time averaged four hours a standard
bus and eight hours an articulated bus. Rear-door retrofittings
averaged three hours a standard bus. TRI-MET installed the SSFC
equipment during August 1982 and retrofitted rear doors during
the summer of 1982.
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SSFC
Egquipment

Fare Collection
Equipment

Controllers
Ticket Dispensers
Validators
Installation
Hardware

Rear-Door Boarding
Equipment

TOTAL

TABLE 4-1

SSFC EQUIPMENT CAPITAL
AND INSTALLATION COSTS

Unit Unit Capital
Price Number Costs
$417 874 $353,200
1,008 904 911,200
945 1,198 1,132,100
- - 81,000
502 498 250,000

- - $2,727,500
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4.3 PROCUREMENT

In 1979, TRI-MET, with help from a consultant, conducted a
comprehensive study of SSFC bus equipment in Europe. The study
was an outgrowth of TRI-MET's light rail planning work. Oon the
basis of the study, TRI-MET decided that 3-component SSFC
equipment would best meet its needs. TRI-MET therefore included
funds for controllers, validators, and dispensers in its grant
application to UMTA.

After the grant was awarded, TRI-MET and a consultant
drafted specifications for the equipment and put the contract
out for bid. The contract contained the following measures to
ensure the equipment performed well:

. required that the equipment meet stated performance
standards. These standards were 10,000 hours of
service between shop repairs for controllers,
30,000 uses between shop repairs for dispensers, and
50,000 uses between shop failures for validators.

provided for an open-ended testing program to be
developed by the contractor and approved by TRI-MET.

tied equipment acceptance and payment to meeting the
required performance standards.

TRI-MET awarded the contract to the 1low bidder, a joint
venture of CAMP, a French firm, and Vultron, 1Inc., of Michigan.
CAMP is a leading manufacturer of SSFC equipment in Europe with
an excellent reputation.

TRI-MET planned to procure SSFC equipment that was already
in revenue service and therefore had proven itself. However,
dispensers were not used in Europe and the controllers and the
validators that TRI-MET ordered (1) were the 1latest in CAMP's
line of equipment that CAMP had tested but had not been used in
revenue service and (2) went through extensive modifications to
operate on American buses and to meet TRI-MET's needs.

Because cash fare collection practices in  Europe are
different from those in the United States, dispensers are not

used in- Europe. Therefore TRI-MET needed to procure a new
design. TRI-MET contracted CAMP to design and manufacture a
dispenser to be used with its controllers and validators. CAMP

used many of the electronic components of the validator in its
dispenser design to minimize the risks associated with designing
wholly new equipment. The validators were modified to accept
10-ride tickets and all components of the validator and
dispensers requiring 24 volts used by European buses were
modified to run on 12 volts used by most American buses.
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4.4 TESTING

In July 1981, TRI-MET received the first two prototype

validators and a mechanical mock-up of the dispenser. The
validators failed after an hour of use, could not be repaired,
and were therefore returned to CAMP. The mock-up of the

dispenser could not be mounted on TRI-MET buses and was designed
to issue tickets from a bottom slot instead of at the top where
TRI-MET wanted it. The unit was sent back for redesign.

In December 1981, TRI-MET received 10 ' pre-production
validators and in February 1982, 10 pre-production dispensers
for pre-approval tests. The equipment was not reliable enough
to allow the conduct of the tests. In response, TRI-MET delayed
the planned SSFC start-up date from June 20, 1982, to
September 5, 1982.

After several weeks of poor reliability and numerous
modifications by Vultron, equipment reliability improved to the
point where pre-approval tests could be conducted. TRI-MET,
expanding its test effort, contracted consultants to conduct
extensive environmental and functional tests at Vultron's
factory in Michigan. Environmental tests comprised temperature
and mechanical shock tests; functional tests comprised cycling,
performance verification, and voltage variation tests. The
consultants and Vultron used ten sets of equipment, half on
stands and half on buses.

Test results showed that:
. The equipment generally worked but was not reliable.
. Humidity adversely affected equipment performance.

Again, TRI-MET expanded testing. From April to August
1982, TRI-MET conducted simulated service tests on 50 buses.
TRI-MET checked equipment performance each night. Continued
reliability problems caused TRI-MET and Vultron to set up a van
maintenance program for repairing in-service SSFC equipment.

Despite continuing serious performance problems with SSFC
equipment, TRI-MET decided to implement SSFC on September 5,
1982. The reasons for proceeding were:

. marketing and public information efforts that had
generated considerable expectations and momentum for
commencing SSFC on September 5, 1982;

. concern that the adoption of a more sophisticated-

fare and zone structure, planned for September 5,
would slow schedules in the absence of SSFC;
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belief that the full benefits of introducing
articulated buses on high travel demand routes would
not be realized without rear-door boarding, made
possible by SSFC; and

. perceived need to reduce the handling of cash fares,
particularly dollar bills, 1likely to accompany the
new fare structure.

TRI-MET, believing that SSFC equipment problems would continue
to diminish over time, adhered to the planned schedule.

4.5 PERFORMANCE

The SSFC equipment proved unreliable. Table 4-2 presents
the SSFC equipment mean time and uses between failures and shop
repairs from September 1982 through August 1983, as compared
with levels specified in the contract. As shown 1in the table,
performance was way below contract specifications.

The performance levels specified in the contract were
higher than achievable. J.W. Leas & Associates, Inc., who
conducted an audit of TRI-MET's SSFC equipment, estimated that
levels approximately 25 percent of the specified numbers were
achievable. Actual performance was way below even this lower
standard. Using TRI-MET's estimates of mean uses or time
between shop repairs, controller performance was 64 percent of
the 1lower standard, and dispenser performance and validator
performance were 28 percent and 12 percent, respectively, of the
lower standard.

Actual performance was poorer than TRI-MET's estimates.
TRI-MET calculated the figures using aggregate data instead of
disaggregate data. The use of aggregate data inflated the
estimate. As part of its audit of TRI-MET's SSFC edquipment,
J.W. Leas & Associates, 1Inc., calculated the dispenser and
validator performance figures by selecting 100 dispensers and
100 validators at random and reviewing their shop repair records
from September 1982 through August 1983. J.W. Leas & Associates
could not calculate a performance record for controllers because
TRI-MET did not record controller time during repairs. As shown
in Table 4-2, actual dispenser performance was 8 percent lower
than TRI-MET's estimates and validator performance was almost
half that estimated by TRI-MET.

CAMP/Vultron made three basic hardware modifications, one
major software change, and many minor software changes to the
SSFC equipment. The modifications failed to improve performance
appreciably.
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TABLE 4-2

SSFC EQUIPMENT MEAN PERFORMANCE®
(September 1982 - August 1983)

- 8¢ -

Audited Specified
Mean Uses Mean Uses or Mean Uses or Performance
or Time Time Between** Time Between*** Between
Unit Between Failures Shop Repairs Shop Repairs Shop Repairs
Controller 344 hrs 1,598 hrs - 10,000 hrs
Dispenser 462 uses 2,079 uses 1,910 uses 30,000 uses
Validator 609 uses 1,558 uses 833 uses 50,000 uses

*%

RkX

* Less low paper, no trouble found.
TRI-MET estimates.
J.W. Leas & Associates estimates.




Figure 4-2 charts equipment performance between failures
(running out of paper and findings of no trouble were not
considered failures). The figure shows that controller and
dispenser performance between failures declined during the
demonstration. Validator performance between failures slightly
improved.

Figure 4-3 presents the equipment performance between
failures requiring shop repairs (running out of paper and
findings of no trouble were not considered failures). The
figure shows that performance of all equipment fluctuated. The
performance of dispensers between shop repairs improved slightly
while that of controllers did not improve and that of wvalidators
declined.

Some of the fluctuations in equipment performance were
caused by the erratic reliability of the equipment. Other
fluctuations were caused by equipment modifications and
shortages of spare parts. For example, the 1low dispenser and
validator performance in June 1983 was caused by equipment
modifications and adjustments made that month. In August,
validator performance data was affected by a shortage of spare
parts. The shortage of spare parts forced TRI-MET to keep
inoperable validators on buses, thus, falsely decreasing the
number of failures that month.

As 1indicated by the performance data, failures were
frequent and required a large maintenance and support effort.
Table 4-3 presents the average monthly and daily failures for
the SSFC equipment. The dispensers were the least reliable,
accounting for 69 percent of all failures.

The following subsections discuss the most common failures
for each unit. Table 4-4 presents a glossary of failure types.

4.5.1 Controllers

Wrong time or date (a defective clock) accounted for
45 percent of all controller problems (Figure 4-4). Such
problems, considered solvable, were attributed to back=-up
battery failures, software imperfections, transient electrical
interference, and erratic performance of the "chip" that
produced the time signals.

4.5.2 Dispensers

Paper jams accounted for nearly half the dispenser problems
(Figure 4-5). TRI-MET tried to reduce paper Jjams by changing
from 24-pound paper stock to 60-pound paper. This change had
little effect on dispenser paper jams as the problem was in the
design of the ticket feed module.

- 39 =



750
700 1

650 |

600 Dispensers

550
500

450

400
350 / \ S

- 0¥y -

\”\

300 | / Controllers ~

Mean Time (Hours) Or Uses Between Failures
Less Low Paper And No Trouble Found

250 | / =~ AN

200 |_

1 | 1 I | | | | 1 1 1 | | J | 1 |

SEPT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC JAN FEB

1982 1983 1984
MONTHS :

Source: TRI-MET

FIGURE 4-2. SSFC EQUIPMENT PERFORMANCE BETWEEN FAILURES
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